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DIFFRACTION GEATING BODY, OPTICAL PICK-UP, 
SEMICONDUCTOR LASER APPARATUS AND OPTICAL 
INFOBMATIONAPPARATUS 



5 Field of the lavention 

The present inventLon relates to an optical pick-up and a» infiannalion 
recording/repiodudng apparatus foi lecoxding/reprodudng or erasing 
information with respect to an optical disk, and an information processing 
system making use thereof, and particularly it relates to a diffraction grating 

10 body used Hiexefor. 



Description of the Prior Art 

Optical memory technology that uses optical disks having a pit 
pattern as high-denaity, large-capacity infarmatii)n storage media has been 
15 expanding its application from digital audio disks to video disks, document file 
disks, and fiirtiher to data files. 

In recent years, a high-density qptical disk such as DVD-ROM etc. 
using a visible red laser with a wavdeaigtih of 630 mn to 670 nm as alight 
source has become prevalent- Fuxflietinore, an optical disk (DVD-RAM) 
20 capable ofhighdensilyrecardii^has been commercialized. It has been 
possible to record a large capacity of digital data on an optical disk easily. 
Furthermore, CD-R that is highly compatible with CD, which has been used 
. broadly, has been prevalent. 

From the above-mentioned backgxoomd, in the information 
25 reproducing wparatiis with DVD, in addition to DVD-ROM and CD, the 
reproduction from DVD-RAM and CD-R is important. In the information 
recording and reproducing apparatus using DVD, in addition to the recording 
and reproducing function on DVD-RAM, the reproduction with DVD-ROM, 
CD and CD-R is important. Since the recordingft:eprodudng of information 
30 on&om CD-R is carried out by the use of the change in the reflectance of light 
colors and is optimized to a wavelength around 795 nm, signals may not be 
reproduced in other wavelengths of light such as visible light. 

Therefore, in order to reproduce information from CD-R, it is desirable 
that an infrared light source having a wavelength about 796 nm is used. The 
35 optical pick-up provided with a red semiconductor laser for DVD and an 
infrared semiconductor laser for CD and CD-Rhas been developed. For 
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aunplaJ^g the optical system so aa to achieve xmniatmization and low cost, it 
is proposed that the above-mentioned two kinds of semiconductbr lasers, each 
having a different wavdength, are integrated into one package. 

Referring to Figures 14 and 15, an optical pick-up disclosed in JP 
5 2000-76689 A will be explained. In the optical pick-up shown in Figure 14, 
information recording/reproduction is carried out on/from a plurality of <>ptical 
disks having transparent substrates with different thicknesses as an optical 
disk 7 (recording/reproduction herein denotes recording information on an 
information recording surface of the optical disk 7 or reproducing information 
10 from the information recording surface). 

As shown in Figure 14, a conventional optical pick-up ^paratus has, 
as a light source, a first semioondnctor laser (red laser) 100a that oscillates in 
the wavelength of 650 nm and a second semiconductor laser ^ared laser) 
100b that osdllates in the wavdength of 780 nm. The first semiconductor 
15 laser (redlaser) 100a and the second semiconductor laser (infirared laser) 100b 
are arranged in dose contact with each other. This red laser 100a is a hght 
source used for reproducing information from DVD and the infrared laser 
100b is a light source used for reproducing information from the second optical 
disk. These semiconductor lasers are used exdusivdy depending on the 
20 kinds of optical disks with which recording/reproducing is carried out 

Furthermore, a 3-beam diffraction gratii^ 42 that generates three 
beams for tracking control, a second two-divided hdogiam 41 that diffracts 
only the light from an infrared laser and a first four^divided hdogram dement 
40 that diffracts only the liglxt from an infrared laser are arranged on the 
25 optical axis of the red laser 100a and the infrared laser 100b. The light 
emitted from the infrared laser 100a is converged onto the optical disk 7. 
The reflected light is diffracted by the hdogram 41 and led into a 

photodetector 800. 

On the other hand, the light emitted from the infrared laser is split 
30 into three beams at the di£&:action grating 42 and then converged onto the 

disk 7. The reflected and returning light is diffiracted by the hologram 41 and 

led into the photodetector 800. 

Fi^re 15Ais an enlai^ed cross-sectional view showing the vidxdfy of 

the 3-beam diffraction grating 42. By settingthe d^tiihl of the groove of 
35 the diffraction grating 42 to be 1.4 urn, it is possihte to obtain an apprc^nate 

ratio ofthe light amount of three beams, Le., amain beam (zeio order 

trananussivity) of 72% and a sub-beam (± first order diffracting efficiency) of 
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12% wili respect to the light wilJiwaveleagai of 780 nm. It is described that 
this time, with respect to the Ught with wavdength of 650 nm, the diffracting 
efiG-deacy is suhstaatiaUy 0, which is hardly affected. 

The confi^uxatLon the same as the above is disclosed also in JP2000- 

5 163791 A. Furthermore, the optical pick-up disclosed in JP 10 (1998) 289468 
A records/c^roduces infoxmation. on/from a plurality of optical disks such as 
CD and DVD, etc. The conventional optical pick-up apparatus includes a 
first semiconductor laser (wavelength X: 610 nm to 670 nm) as a first light 
source and a second semiconductor laser (wavelength X: 740 mn to 830 nm) as 

10 a second li^t source. This first semiconductor laser is a light source used for 
recordiag/reprodudng information on/ficom DVD and the second 
semiconductor laser is a light source used for recorangArepioducii^ 
information on/fi»m the second optical disk. These semiconductor lasers are 
used exclusively d^ending on tiie kinds of optical disks with which 

15 recording/repTodncing is carried out. 

Furthermore, a synthesizer is provided. The synthesker synthesizes 
a li^t flux emitted fcom the first semiconductor laser and a light flux emitted 
firom the second semiconductor laser into one identical optical path (which 
may be substantially the same optical path) to converge the synthesized light 

20 fluxes onto the optical disk via a converging (5)tical system. The 

photodetector and two semiconductor laser chips eadi having a different 
wavelength are formed into one unit. The configuration of a 3-beam grating 
is not disdosed. 

Similarly, fia the purpose of achieving a small size optical pick-up 
25 capable of recording/reproducing information on/&om DVD, CD and CD-R, a 
configuration in which a photodetector and two semiconductor laser chips 
each having different wavelength are integrated into one unit is disdosed in 
JPIO (1998)-319318 A, JP 10 (1998)-21577 A, JP 10 (1998)-64107 A, JP 10 
(1998) 32 1961 A, JPlO (1998)-289468 A, JP 10 (1998)- 134388 A, JPIO (1998)- 
30 149559 A JPIO (1998)-241189 A. etc. 

The category of DVD includes DVD-RAM, in addition to DVD-ROM. 
Therefore, it is desirable that a recording or reproducing apparatus making 
use of DVD can reproduce information with respect to DVD-ROM, DVD-RAM, 
CD-ROM, and CD-R (CD-RBCORDABLE), the latter two of which have been 
35 prevalent Bach of these disks has re^ecteve standardizations, and the 
standaxdization defines respective tracking error (TE) signal detection 
methods capable of reprodticing information stably. 

3 
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ATE signal of the DVD-ROM can be obtained by the pbase difference 
detection method. The phase difference detection method also is referred to 
as a differential pbase detection CDPD) method. By using the change in the 
strength of the far field pattern (PFP) letumingfeom the optical disk by 
5 reflection/dtfi&action, the TE signal can be obtained "With one beam. The 
method uses a change of the diffiracted Ught by the two-dimensional 
arrangement of pits. The change of the distribution of the Ught amount in 
the diffraction by pit rows is detected by the four-divided photodetector to 
compare the phases, thereby obtaining the TE signal. This method is 
10 suitable for a reproduction only disk having pit rows. 

ATE signal of the DVD-RAM can be obtained by a push-pull (PIO 
method. The PP method is used mainly for a write once type <»ptical disk and 
a rewritaUe cptical disk. When the guide groove of the optical disk recording 
surface of the optical disk is irradiated with a converged hght spot, the 
15 reflected H^t accompanies a diffracted li^t in the direction in which the 
guide groove extends and the direction perpendicular to the guide groove. 
The FFP retiiming to the surfiace of the objective lens has an optical intensity 
distribution due to the interference of the ±first order diffracted Ught and 
zero order diffracted Ught in the guide groove. Depending upon the 
20 positional relationship between the guide groove and tiie converging spot, one 
part of the PFP becomes bright and another part of tihe FFP becomes dark, or 
on the contrary, one part of the FFP becomes dark and another part of the 
FFP becomes bright. TE signals can be obtaiaed by the PP method by 
detecting the change in the optical intensity by using the two-divided 
25 photodetector: 

Also in the CD-ROM (which includes CD for audio) and CD-R, TE 
signals can be obtained by the PP method £com the viewpoint of standards. 
However, as compared witii DVD-BAM, the strength of TE signals thereof is 
weak. Furthermore, the PP method has a problem in that a TE signal offset 
30 occurs due to the lens shift. In DVD-RAM, in order to avoid such a problem, 
an offset compensation zone for TE signals is provided on a part of the 
information recording surface. However, there is no means for solving the 
problem of oflfeet in the case of CD-ROM or CD-R. Therefore, as the TE 
signal detection method, usually a 3-beam methodis used in CD-ROM or CD- 
35 R. 

In the 3-beam method, the diffraction gratingis msertedinto the 
outward path from a h^t source to an optical disk and a zero order diffracted 
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beam (main beam) and ±first dif&acted liglit beams (sub-beams) of the 
dififcacfion grating are fomed on the optical disk. When the main beam is 
deviated from the center of the track, one of the sub-beams approaches to the 
center of the track and the other sub-beam is distant from the center of the 
5 track, thus causing a difference in the amount of reflected return light. By 

detecting this difference, TE signals can be obtained. 

As mentioned above, for recording or reproducing information on or 
from DVD-ROM, DVD-RAM, and CD-ROM, CD-R, it is desirable to cany out 
three kinds of methods, i.e., the phase difference method, PP method, 3-beam 
10 method. 

In the above-mentioned conventional method (JP 2000-76689 A), iix 
order to realize the 3-beam method at the time of reproducing information 
from CD, the diffraction grating fiw generating three beams is inserted into an 
opticsa path and the depth of the groove of the diflBraction grating 30 for three 

15 beams is set to be 1.4 \xm. so that the loss of Kght does not occur at the time of 
reproducing information from DVD. 

However, in this configuration, for making the diffracting efficiency to 
be substantially 0 with respect to the light with wavelength of 650 nm, it is 
required, as a precondition, that the cross-sectional shape of the diffraction 

20 gratinghas an ideal rectangular shape. Ifthedepthof the groove is as large 
as 1.4 urn, it is difficult to realize the ideal rectangular-shaped cross section. 
As a result, as shown in Figure 15B, the sidewall is inclined. In th« example 
of Figure 15B, between the concave portion and the convex portion, the phase 
difference due to the difference hi of optical path becomes 2ii, and the phase of 

25 a red li^t 70 is substantially the same as that of a red light 71. 

Consequently, the diffraction does not occur. Howeveii if the sidewall is 
inclined, when the height is. for exam|>le, h2, the red Kght 72 enters. In this 
case, in the red li^t 7 1 and the red li^t 72, the phase difference becomes, for 
example, «, and thus diffraction occurs. 

80 Furthermore, even if the cross-section of the dififraction grating can be 

. formed in an ideal rectangular shape, the factor of scattering hght at the 
sidewall is increased- Consequently, the resultant transmitting efficiency 
becomes lower than the transmitting efficiency calculated based on the scalar 
calculation. When the depth of the groove is large like this, instead of the 

35 scalar calculation of approximation, a more predae vector calculation must be 
carried out. For example, when it is assumed that the ideal rectangular 
cross-sectional sh^e can be formed when the periodic cyde of the grating is 6 
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Mm, the re&active index of the base material is 1.5, the wavelength is 650 nm 
and the depth of the groove is 1.3 m, transmissivity becomes 100% ftom 
the scalar calculation, but the trausmissivity becomes only about 80% from 
the vector calculation. 
5 Therefore, in the conventional conGguraiiooa, there is a problem in 

that at the time of reproduction of information from DVD, an optical loss of 
red li^t occurs,.and the signal/noise (S/N) ratio of the reproduced signal 
becomes low, thus increasing the necessary amount of red light to be emitted 
and increasing the consumption of electric power. 

10 

SUMMABY OF THE INVENTION 

It is an object of the present invention to solve the above-mentioned 

problems and to provide a di£Bcaction grating body for generating three beams, 

which is capable of reducing the amount of loss of light with wavelength that 
15 is not diftected, and an optical pick-up, a semiconductor laser apparatus and 

an optical information apparatus using the same. 

In order to achieve the above-mentioned object, a first diffraction 
grating body of the present invention includes a base material being 
substantially transparent with respect to wavelength ^1 and having a 

20 refractive index nO; another base material being substantially transparent 
with reject to wavelength XI and having a refractive index nl, which is 
formed on the base material having a refractive index nO; and a relief 
diffraction grating formed on the base material having a refractive index nl; 
wherein the refractive indexes nl and nO satisfy the relationship: nl > nO. 

25 According to the above-mentioned diffraction grating body, since the 

base material having a refractive index nl can be formed of a hi^ refractive 
index material, and when the depth of grating of the diffraction grating is set 
so that the diffraction grating diffracts the light with wavelength XI and does 
not diffract the light with wavelength X2, the depth of grating of the 

30 diffraction grating can be made to be ahaUow, thus preventing loss in the 
amount oftheHght with wavelength >il. Furthermore, since base materials 
each having a different refractive index are bonded to each ottier to form a 
diffraction grating body, it is posrable to minimize the amount used of 
relatively expensive material having a high refractive index. FurtJxermore, 

36 since most of the diffraction grating body can be formed of a material having a 
low refractive index, it i& possible to reduce the height of the diffraction index 
body. 
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In the diffraction grating body, it is piefierable that the diffifaction 
grating is foimed of a concave portion and a convex portion having 
rectangular-shaped cross sectious and the level difference h between the 
concave portion and the convex portion satisfies the foUowng relationship: 
6 h = U/(nl-l) 

and the difference in an optical path between the concave portion and the 
convex portion is set to correspond to one wavelength with reject to 
wavelei^fth 

With such a difeaction grating body, since the difference in an optical 
10 path between the concave portion and iJie convex portion corresponds to one 
wavelength, it is possible to obtain a configaration in whidi the light with 
wavelength W is not diEfracted and tiie li^t with wavdfsngth X2 is di&actei 

Furthermore, it is preferable that tiie refiractive index nl is 1.9 or 
more. With such a difEraction grating body, amce the refractive index is large, 
15 the depth of grating of the diflBcaction grating can be made to he shallow. 
Therefore, in tiie case where the light with wavelength XI is set to be not 
diffracted, the loss in the anxount of the light with wavelength \1 can be 
reduced. Furthermore, the shape of the convexity and the concavity of the 
diEfraction grating can be made to be an ideal rectangular shape easily, 
20 enabling the light with wavelengtii XI not to be diffracted securely. 

Furthermore, it is preferahle that a mateiial of the base material 
having the refractive index nl is at least one material selected from the group 
consisting of T:kA.TiOa,ZrO,,NbA.ZnS,LiNbO:,andIiTa03. Mthflie 
use of £he above-mentioned materials, it is posaihle to obtain aM^ refractive 
26 index nl as high as 1.9 or more. 

Furthermore, it is preferable that the diffiraction grating is formed of a 
concave portion and a convex portion having rectangular-shaped cross 
sections, and the fflm thickness of the base material having the refractive 
index nl is the same as tbe level difference h betweoi the concave portion and 
30 the convex portion. With such a diffractive grating body, a diffiraction grating 
body can be produced by the lift-off tecihnique. 

Furthermore, the diffraction grating body according to daim 1, further 
compriang an anti-reflection film in the interface between the base material 
having a refractive index nl and the afr, and the interfooe between the base 
35 material having the refractive index nl and the base material having a 

refractive index nO. With such a diffiraction grating, the transmissivity can 
be improved securely. 
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Next, a second difficactic«i grating body of &© present invention 
indxides a base material, and a relief diflBf action iprating formed on the base 
material, whraein the diffraction grating body is formed of a angle base 
material! and the re&active index nl of the single base material is 1.9 or more. 

5 According to the above-mentioned difEraction grating body, when the 

depth of grating of the dififraction grating is set so that the diffraction grating 
diffracts the light with wavelength ^1 and does not diffract the Hght with 
wavelength X2, the depth of grating of the diffraction grating can be made to 
be shallow, thus reducing the loss in the amount of the li^t with wavelength 

10 XI. Furthermore, since the diffraction grating is formed of a single base 
material, it is not necessary to bond the base materials each other, thus 
making the production easy. Furfliermore, it becomes easy to make the 
convex portion and the concave portion of the diffraction grating to be an ideal 
rectangular shape, enabling the light with wavdLengfli ^1 not to be diffracted 

15 secuxdy. 

In the above-mentioned second diffraction grating, it is preferable that 
the diffraction grating is formed of a concave portion and a convex portion 
having rectangular-shaped cross sections, and the level difference h between 
the concave portion and the convex portion satisfies the following relationship: 

20 h=Xl/(nl-l) 

and the difference in an optical path between the concave portion and the 
convex portion is set to correspond to one wavelength with respect to the 
wavelength XI. With such a diffraction grating body, since the difference in 
an optical path between the concave portion and the convex portion 

25 corresponds to one wavdength with respect to wavelength XI, it is possible to 
obtain a configuration in which the hght with wavdength XI is not diffracted 
and the li^t with wavdength X2 is diEfracted. 

Furthermore, it is preferable that a material of the sin^e base 
material is at least one material selected from the group consisting of TaaOe. 

30 m,ZrOs,NbA,ZnS,IiNb03andIiTaO3. With the use of the above- 
mentioned materials, it is possible to obtain a high refractive index nl as high 
as 1.9 or more. 

Next, the semiconductor laser apparatos of the present invention is 
provided with the above-mentioned diffraction grating body andindudes: a 
35 semioondnctor laser for emitting a h^t beam with wavdength XI and a light 
beam with wavelength X2; and a photodetector fior receiving the Hght beams 
emitted ftom the semiconductor laser and carrying ontphotodectric 

8 



PA(£ 2SI68*RCVDAT1III31I20()$ 2:31:31 PM|EasternStandanlTline]'SVK^^ 



10/31/20B5 13:24 612-455-3801 HSML, P.C. PAGE 27/68 



10 



conversion; wherdn the dffifaction grating body receives the li^t beam with 
wavdength X2 and traxxsmits a main beam and generates sub-beams that are 
±fiist order difiEracted light; and the diffraction grating body, the 
semiconductor laser and the photodetector are integrated into one package. 
5 According to the above-mentioned semiconductor laser apparatus, 

since the diffiaction grating body according to the present invention is used, it 
is possible to reproduce information from an optical disk (for example, CD-R) 
corresponding to the wavelength X2 stably and enhance the efiSdency of iisiixg 
light when information is reproduced from an optical disk (for exan^le. DVD- 
ROM) corresponding to the wavelengfli XI. Furthermore, since the 
diffraction grating body, the semicondnctor laser and the photodetector are 
integrated into one package, it is possible to detect a stable servo signal that is 
not susceptible to the effect of distortion due to the change in tenweratores. 

Furthermore, the optical pick-up according to the present invention is 
16 provided with each of the above-mentioned diffraction grating bodies and 

indudes a first semiconductor laser light source for emitting a light beam with 
wavelength XI; a second semiconductor laser li^t source for emitting a light 
beam with wavelength A.1; an optical system for receiving the Hght beam wilh 
wavelength XI arid the light beam with wavelength X2 and converging the 
20 light beam onto a miciospot on tibie optical disk; a diffraction means for 

diffracting a hght beam reaected from the optical disk; and a photodetector 
having a photo detecting portion for receiving the diffracted Hght diffracted by 
the diffractinn means to output electrical signals in accordance with the 
amount of the diffracted lighi? wherein the difflraction grating body receives 
25 the light beam with wavelength 3l2 and transmits a main beam and generates 
sub-beams that are ±first order diEfracted Hght. 

According to the above-mentioned optical pick-up, since the difiraction 
grating body according to the present invention is used, it is possible to 
reproduce information from an optical disk Cfor example, CD-R) corresponding 
30 to the wavelength X2 stably and enhance the eflSciency of using U^t when 
information is reproduced from an optical diak (for example, DVD-ROM) 
corresponding to Ihe wavelength XI. Therefore, it is possible to obtain the 
effect that the S/N ratio is high and reproduction is carried out stably with the 
power consumption lowered. 
35 In the above-mentioned optical pick-up, it is preferable that the photo 

detecting portion comprises a photo detecting portion PDO for receiving a 
■HBrst order diffracted li^t fit>m the diffraction means, and a distance dl 
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between the center of the photo detecting portion PDO and the U^t emitfang 
spot of the fiist semiconductor laser HiJit source aad a distance d2 between 
the center of tiie piioto detecti»g portion PDO and the Hght emitting spot of the 
second semiconductor laser Hg^it source substantially satisfy the foUowm 

5 relationship: = dl/d2- 

Wiflj such an optical pick-up, the photo detecting portion can be used 
commonly for both wavelengths, and thus it is possible to reduce the number 
of the photo detecting portions and to reduce the area of the photodetector and 
the numbesr of tibie dicuit elements for converting output signals into 
10 current/voltage signals, thus realizing the cost reduction and miniaturization 

of the apparatus. 

Furthermore, it is preferable that the diflBcaction grating body, the 

semiconductor laser and the photodetector are integratedinto one package. 

mth such an optical pick-up, since components necessary to produce a servo 
15 signal can be fiMdadjaceut to each other, it is possible to detect a stable servo 

signal that is not susceptible to the effect of distortion due to the change in 

temperatures. 

Next, the optical information apparatus of the present invention is 
provided with the above-mentioned optical pick-up and indudes a focus 

20 oontcd means with respect to an optical disk; a tracking control means;, and 
an information signal detecting means; and further includes a moving means 
for moving the (optical pick-up; and a rotation means for rotating the optical 
disk. According to the above-mentioned optical infiwmation apparatus, since 
the optical pick-up according to the present invention is used, it is posaftle to 

26 obtain the effect that the S/N ratio is hi^ and the reproduction can be carried 
out stably with the power consumption lowered. 

BRIEF DESCBIPTION OF THE DRAWINGS 

Figure 1 is a schematic cross-sectional view showing an optical pick- 
30 up according to one embodiment of the present invention. 

Figure 2 is a schematic cross-sectional view showing an operation of 
the optical pick-up of Figure 1. 

Figure 3 is a schematic cross-sectional view showing another 

operation of the optical pick-up of figure 1. 
35 Figure 4 is a cross-sectimial view showing a difBcaction grating used 

for the optical pick-up of Figure 1. 

Figure 5 is a adbtematic cross-sectional view showing an operation of 

10 
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an optical pick-up according to one embodiment of the present invention. 

Figure 6 is a schematic cross-sectional view showing an operation of 
an optical pick-up according to another embodimerit of the present invention. 

Figuie 7 is a schematic perspective view showing a photodetector 
5 according to one embodiment of the present invention. 

Figure 8 is a schematic plan view showing a configuiration and an 
operation of a photodetector according to one embodiment of the present 
invention. 

Figure 9 is a view to illustrate an operation of a photodetector 
10 according to one embodiment of the present invention. 

Figure 10 is a sdiematic plan view showing an operation of a 
photodetector according to one embodiment of tibie present invraition. 

Figure 11 is a cross-sectional view showing a diffiraction grating bo^ 
according to one embodiment of the present invention. 
15 F^tire 12 is a cross-sectional view showing a diffiraction grating body 

according to another embodiment of the present invention. 

Figure 13 is a schemalic view showing a conjuration of an optical 
information apparatus according to another embodiment of the present 
invention. 

20 Figure 14 is a schematic cross-sectional view showing an example of a 

conventional optical pick-up. 

Figure 15Ais a cross-sectLonal view showing an example of a 
conventional optical pick-up. 

Figure 15B is an enlarged view showing a main part of the dififracfion 
25 grating body shown in Figure 15A. 

DESCRIPnON OF TBDE PREFEBBED EMBODIMENTS 

Hereinafter, Hie present invention will be described by way of 
embodiments with reference to the accompanying drawings. 

30 TCoiTinHimPil* 1 

Figure 1 shows a configuration of an optical pick-up according to one 
embodiment of the present invention. La Figure 1, reference numerals lb 
and la are laser light sources, each having a different wavelength. Reference 
numerals 81, 82 and 83 denote photodetectors for receiving Ught beams and 
35 photoelecttically converting the received light beams into electric signals such 
as electric current, etc. Reference numeral 3 denotes a diflEcaWion grating. 

Reference numeral 4 denotes a diffraction means. As the diffraction 

11 
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means 4, an optical element whose phase or transimssivity has a periodic 
structure is used. In the diffraction means 4, the period oaf directum, lliat is, 
a gratuig vector, may vary depending on location. A representative example 
of the diffraction means 4 is a hologram^ for example, a phase-type hologram. 

5 In the explanation helow, the hologram ^ he explained as an example of the 
ditoction means 4. Reference nmneral 5 denotes a collimating lens and 6 
denotes an objective lens which constitute a hght converging system. 
Reference numeral 7 denotes an optical disk. 

Moreover, in the optical pick-up shown in this figure, a portitm 

10 including the semiconductor laser hght source and tibie photo detecting portion 
corresponds to a semxconductor laser apparatus. The same is true in the 
below mentioned embodiments. 

An example of the opticsd disk 7 includes both CD, CD-E or the hke 
hscving a base material thickness (a thickness between a surface where light 

16 beams output from the objective lens enter and an information recording 
surface) tl of about 1.2 mm and DVD (DVD-ROM, DVD-RAM, or the like) 
having a base material thickness t2 of about 0.6 nmi. Hereinafter, an optical 
disk having a base material thickness of about 1.2 mm and having the same 
recording density as that of CD-ROM will be referred to as a CD optical disk, 

20 and an optical disk having a base material thickness of about 0.6 mm and 
having the same recording density as that of DVD-ROM wiH be referred to as 
a DVD optical disk. 

As one example, the laser light sources la and lb can be arranged in a 
form of a hybrid as separate semlconductar laser ch«»s. In this case, since 

25 each semiconductor laser chip can be made to be a minimum size and can be 
produced by respective optimum methods, it ia possible to reahze low noise, 
low consumption of electric current, and high durability. As another example, 
the laser hght sources la and lb may be formed into one semiconductor laser 
chip monohthically In this case, it is possible to reduce the manhours fox 

30 assembUng steps or to determine a distance between two hght emitting paints 
exactly. These configurations can be apphed for the following optical pick- 
ups and all the embodiments. 

The photo detecting portions 8 1, 82. and 83 also are referred to as PDO, 
PD 1, and PD2 respectively. The photo detecting portions 81, 82, and 83 are 

35 s^arated in Figure 1. However, by forming them on a single silicon 
substrate, the relative positional rdationsihip of them can be determined 
precisely, 

12 
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An operatian of recording or x^dttdng information on or from to the 
optical disk mU be explained wiilihreferettw Figure 2 is a 

view to Bjspltan an operation of recording or reprodudng information on or 
from a DVD ODVD-ROM, DVD-RAM. etc) optical disk 71 having a base 

5 material thickness t2 of about 0.6 mm by using the red laser light source. 

The red H^t beam 2 emitted from a red semiconductor laser la 
passes through a diEBcaction grating 3 and a hologram 4, and is colhmated by a 
collimating lens 5 into a nearly parallel hght beam, and converged onto an 
optical disk 71 by an objective lens 6. Fuxthermore, the tedhght beam 

10 dififracted and reflected by pits or track grooves formed on the information 
recording surface of the optical disk 71 returns on substantially the same 
optical path by way of the objective lens 6 and the cdKmating lexxs 5, and 
again enters the hologram 4 to generate a 4first-order diffracted Ught 10 and a 
-firs^order diffracted U^t 11. The -H&rst-order diffracted light 10 and the 

15 -first-order diffracted hght 11 enter the photo detecting portion 8 1 and the 
photo detecting portion 82 respectively, and are photoelectiically converted. 

Herein, when the distance between the center of the photo detecting 
portion 81 and the hght emitting spot of the red laser la is set to be dl, it is 
necessary that the distance between the center of the photo detecting portion 

20 82 receiving -first-order diffracted hght 11 that is conjugated with respect to 
the -HBrst-order diflfeacted light 10 also should be set to be substantially dl. 

Figure 3 is a view to explain an operation of recording or reproducing 
information on or from a CD (CD-ROM, CD-R, etc.) optical disk 72 having a 
base material thickness tl of about 1.2 nun by using the infrared laser light 

25 source lb. 

The infrared Hght beams 25 emitted from the infrared semiconductor 
laser lb are diflfracted in passing through the diffraction grating 3 to generate 
±first-order sub-spots, pass through the hologram 4 together with a zero- 
order diffracted h^t (main spot), and are converged onto an optical disk 72 by 

30 a colhmating lens 5 and an objective lens 6. Furthermore, the hght beams 
diffracted and reflected by pits or track grooves formed on the information 
recording surface of the optical disk 72 return on substantially the same 
optical path by way of the objective lens 6 and the coDimating lens 5, and 
again enter the hologram 4 to generate a +first-order diffracted Hg^it 12 and a 

35 -first-order diffracted light 13. The -hfixst-order diffracted hght 12 and - 
first-order diffracted light 13 enter the photo detecting portion 81 and the 
photo detecting portion 83 reflectively, and are converted photodecfadcally. 
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Heiein. when the distance between the center of the photo detecting 
portioa 81 and the Jight emittixig spot of the red laser lb is set to be d2, the 
distance between the center of the photo detecting portion 83 receiving - 
firsi>order diffracted light 13 that is conjugated with respect to ttie -Hfixst- 
6 order diffracted li^t 12 also is substantially d2. 

Figure 4 is a cross-sectional view showing the diffraction gating 3. 
This figure is shown by turning Figure 1 upside down for convenience. The 
diffraction grating shown in Figure 4 is a relief diffraction grating in which 
the diffraction grating is formed by the convexity and concavity of a member 
10 material. The cross-sectional sha^jeofthe concave and convex portians of the 
diffraction grating 3 is substantially a rectangulai shape, and the width Wl of 
the concave portion and the width W2 of the convex portion axe substantially 
the same. 

In this embodimaat, the level difEerence h between the concave portion 
15 and the convex portion of the cross sectional shape, that is, the depth of 

grating (height of the convex portion from the bottom surfece of the concave 
portion), is set to satisfy the following equation (1): 

hssU/(nl-l) (1) 
wherein XI denotes a wavelength of the red light beam 2. and nl denotes a 
20 refractive index of a material of the diffraction grating with respect to the 

wavelength XI. 

When the level difference h satisfies the above-mentioned equation (1), 
the difference in an optical path between the concave portion and the convex 
portion corresponds to one wavelength with respect to the red light beam. 

25 Hixas, a phase difference due to the difference of the optical path becomes 2 it, 
and the phases of the red light become substantially the same in the convex 
portion and concave portion. Therefore, in design based on the scalar 
calculation, the red light is not diffracted by the diffraction grating 3. 
Furthermore, since the wavelength of the infrared light is longer than that of 

30 the red light, the difference in the optical p ath generated due to the level 
difference h is smafier than one wavelength and also the phase difference is 
smaller than 2n. Consequendy, diffraction necessarily occurs, thus enabling 
sub-spots to be generated as mentioned above. Amoxe detaUed configuration 
of the diffraction grating will be explained later with reference to Figures 11 

35 and 12. 

Moreover, in the case of reproducing information from a CD (^tical 
disk by using an ixifi:ared ligbt beam, the NAis desirably 0.4 or more. 

14 
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However, it is neceasaiy to form grating stripes in the sufficiently broad range 
of the diflEcadion grating 3 so that the diffracted light beams are generated 
from the entire range in which theNAof the sub-beam becomes 0.4 or more at 
the objective lens 6. Furthermore, it is desirable in design, that the red light 
5 beam is not dif&acted. However, it is thought that tlie diffraction somewhat 
occurs due to the manufacturing error, etc. When apart of the red light 
beam transmits throu^ a portion of the difEractian grating 3 not including 
grating stripes and enters the objective lens 5, the intensity and phase 
inconsistency (difference depending upon places) occurs between the red light 
10 beam passing tbiou^ the portion without including grating stapes of the 
diffraction grating 3 and the redK^t beam passing throug^i the grating 
stripes, which may lead to the deterioration in the performance of converging 
light , beams onto the recording surface of the optical disk 71. 

Therefore, it is desirable that the grating stripes are formed on the 
15 entire range in which the light beam entering the ohjective lens 5 without 
being diffracted by the diffraction grating 3 satisfies the NA (0,6) that is 
necessary to the information reproduction from a DVD optical disk. 

However, when the diffracted light 12 or diffracted light 13, which is 
reflected by and returned from a CD optical disk 72, enters the hdogram 4 
20 and is diffracted, enters the difiBracted stripes, the light is diffracted further; 
thus causing the loss oftheamotmt of Kght. In order to avoid tins, it is 
necessary to limit the range of the grating stripes on the diffraction grating 3 
for the diffracted U^t 12 or diflfracted lif^t 18. For example, by forming 
grating stripes in the portion shown by tiie grating 3 in ahade in Figure 1, i3ie 
25 converging spot performance can be secured when reproducing information 
from a DVD optical disk. Moreover, the loss of the light amount can be 
prevented when reprodudng information from a CD optical disk. 

The diffraction grating 3 includes grating stripes, and has a 
transparent substrate (act shown in figure) in the broader range, and the 
30 dif&acted hght 12 or diffracted light 13 passes through the transparent 
portion (on which the grating stripes are not formed). 

Furthermore, a DVD optical disk is a higher density optical disk 
compared with a CD optical disk. The DVD disk is required to reproduce (or 
record) information with a converging spot having less aberration than that d 
35 the CD optical disk. Therefore, it is desirable that the light emitting ^ot of 
the red seroiconductor laser la is arranged on the optical axis Qn. this 
embodiment, an optical axis of the coUimating lens 5) of the light converging 

15 
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system within th€ range of the assembly tderance. Thereby, flxe laser light 
feom short wavelength laser apparatus, which is easQy affected by lens 
aberration, passes in the vicinity of the optical asos of the colHinating lens 5 
having a small lens aberration. Therefore, off-axis aberration does not occur 

5 when information is reproduced from the DVD optical disk. Thus, it is 
possible to reproduce (or to record) information with respect to the DVD 
optical disk stably and with higher density 

Furthermore, the relationsHp between the distance dl from the 
center of the photo detecting portion 81 to Ihe light emitting spot of lixe red 

10 laser la and the distance d2 from the center of the photo detecting portion 81 
to theli^t emitting spot of the infrared laser lb and ihe wavelength is 
eaqilained. Since the daffiactixm distance is substantially proportional to the 
wavdeo^th, the arrangement is carried out so that the equations (2) and (2)' 
are satisfied: 



15 



dl:d2 = Xl:X2 (2),thatis, 
dl/d2-U/X2 (2)' 



wherein XI denotes a wavelength of tiie red laser and X2 denotes a wavdength 
20 of the infrared laser. Thus, since the photo detecting portion 81 can be used 
commonly for both wavdengths, and the number of the photo detecting 
portions can be reduced, it is possible to reduce the area of the photodetector 
and the number of the dicuit elements converting output signals into 
cnrrent/vdtage signals, thus enabling the cost reduction and the 
25 miniatiaijiatiott of the apparatiis to be realized. Furthermore, as is apparent 
from ligures 2 and 3, when the distance between the hght emitting spot of the 
red laser la and the U^t emitting spot of the infrared laser lb is dl2, the 
following equation is satisfied: 

30 d2 = dl + dl2 (3) 

and from the equations (2) and (3), the following equations (4) and (5) are 
satisfied: 

35 dl^l-dl2/(X2-^n) (4) 

d2=:X2-dl2/(X2~U) (5) 



16 

PA6E 34/68'R(»DAT1IU31/20052:31:31PMIEastem Standard Tbnel'S^ 



10/31/2605 



13:24 612-455-3801 



hGML, P.O. 



PiSiGE 



Thus, since the photo detecting portion 81 can he used commonly for both 
wavelengths, and the number of the photo detecting portions can he reduced, 
it is possible to reduce the area of the photodetector and the number of the 
drcuit elements for converting output signals into current/voltage signals, 

5 thus realizing the cost reduction and miniattirization of the apparatus. 

In the above-mentioned equations (2'), (4) and (5), both sides of the 
equation arc substantially the same. In other words, this includes not only 
the case where values of both sides are completely equal, but also the case 
where the values of the both sides axe substantially equal to such an extent 

10 that the intended effects to be obtained by the equations are achieved without 
practical problems. 

(Second lEmbodiment) 

Figures 5 and 6 show an embodimentiu which a thin optical pick-up is 

configured by using a rising mirror. Figure 5 shows a case where infoimation 
16 is rq)roduced from a DVD optical diak by emitting a red light beam 2. The 
ti^t conimatedby the collimating lens 6 into neady paralld light beams is 
reaectedby the rising mirror 17 and changes the direction of travel, thereby 
reducing the size (thickness) of the optical pick-up in the direction 
perpendicular to the plane of the optical disk 71, A wavelength selection 
20 aperture 18 just behaves as a tran^arent substrate with respect to the red 
light beam 2 and does not act on it. 

As shown in Figure 6, the wavelength selection aperture 18 shields 
Ught beams distant from the optical axis with respect to the infrared li^t. 
This wavelength selection aperture can be obtained by forming dielectric 
25 multi-layered films having difierent wavelength properties in the vicinity of 
the optical axis and on the outer peripheral portion distant from the optical 
axis, or by forming a phase grating laving diflferent phase modulation 
amounts. 

Since the DVD optical disk has higher recording density, information 
30 reproduction requires a larger NA as compared with a CD optical disk. 
Therefore, by using the means for changing the NA in accordance with 
wavelength, NAis set to be a necessary minimum when reproducing 
information from a CD optical disk while reducing the aberration due to the 
thickness of the base material or the indination of the disk. However, the 
35 present invention is not necessarily limited to a configuration equ^ped with a 
wavelength selection aperture. 

In Figures 5 and 6, reference numeral 15 denotes a package. The 
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package 15 includes at least a red laser la and an infiraied laser lb and 
photodetector in wWch photo detecting portLons 81 to 83 are formed. One 
component in which a light source and photodetector are integrated into one 
piece wiU be referred to as a unit in the following. The hologram 4 may be 

5 formed near the coUimating lens 5. However, by integrating also the 

hologram 4 into the unit 16, it is possible to fix the components necessary to 
produce servo signals closely to each other. Therefore, it is possible to detect 
servo control signals stably, which are not susceptible to a distortion due to 
changes in temperature. 

10 (ThnrdEmbodinient) 

Next, an embodiment in which the red laser lb and the infrared laser 
la, and a photodetector provided wiUx photo detecting portions 8 1 to 83 are 
integrated will be explained with reference to Figure 7. Reference numeral 8 
denotes a photodetector; in which the photo detecting portions 81 to 83 are 

15 formed on a silicone substrate, etc. By integrating all of the photo detecting 
portions on one substrate like this, it is possible to reduce the manhours for 
electrical connection and to determine the relative positions between the 
photodetectors with high precision. 

Reference nxuneral 1 denotes a semiconductor laser Kfjit source in 

20 which a red laser lb and an infeaxed laser la are integrated monoKthic^y. 
By integrating lasers having two different wavelengths on one chip of the 
semiconductor laser light source like this, the distance between the light 
emitting spot of the red laser lb and the lii^t emitting spot of the infrared 
laser la can be set precisely ui a urn order or a sub pm order: Theacefore, the 

25 detection signals using li^ts of both wavelengtihs are aHlowed to have 
excellent properties. 

A small reflecting mirror 14 is provided in the direction in which the 
red ligjit beam 2 or the infrared H^t beam 25 is emitted from the laser 1. 
The nurror 14 allows the optical axis of tiie red Hght beam 2 or the infrared 

30 light beam 25 to be bent into the direction perpendicular to the surface made 
by the photo detecting portions 81 to 83. 

This mirror 14 can be formed by anisotropic etching of the silicon of 
the substrate, or adhering the small size prism mirror to the photodetector 8. 
By providing a photo detecting portion 89 also on the side oppoate to the 

35 mirror 14 with req)cct to fee laser 1, the amount of li^t emitted from the 
laser 1 in the direction thereof; and the h^t amount can be utilized for the 
signal for oontroilling the amount of light. 

18 
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(Fouxth. Enxbodiment) 

Nejct, detailed configurations of the photo detecting portions 8 1 to 83 
and the Ixologram 4 will be explained ^th reference to Figures 8, 9, and 10. 
Figure 8 is a view of the photodetector 8 seen feom the direction 
5 perpendicular to the surface thereof. An effective diameter of the red Ught 
beam on tte hologram 4 when the red laser la is emitted, that is, when 
reproduction with respect to a DVD optical disk is carried out (that is, a 
projection of the effective diameter of the objective lens 5) and the state of the 
diflEcacted light generated fiom the hologram 4 on the photodetector are shown. 
10 . laL denotes a li^t emitting ^ot of the led semiconductor laser la, and fee 
effective diameter of the li^t beam on the hologram 4 es^iands with Ifce Kght 
emitting spot laL as a center. The photo detectii^ portions 81, 82, and 83 
may be formed indLviduaUy on a Si substrate, etc and assembled in a hybrid 
form, ox some parts of tiiem may be formed on the common substrate, or all of 
IB them, as shown in Figure 8, may be formed on the oommrai substrate. 

Thereby, it is possible to determine the poatianal relationship to each otJier 
with high accuracy and easily Furthermore, by forming also the 
semiconductor laser 1 on the same substrate, the relative positional 
relationship between them with respect to the photo detecting portion 
20 becomes stable, thus enabling servo control signals to be obtained stably. 

P4A, P4B, P4C and V4I> are +fiiat order difiBcacted Eght di£Eracted by 
thehologram4. M4A.M4B.M4C and M4D are -first order dif&ractedhght 
dif&acted by the hologram 4. The hologram 4 is divided into at least four 
parts by an x-axis and a y-axis. The hologram is designed so that P4A and 
25 M4A are dif&»cted by the region 4A, P4B and M4B axe diffracted by the 

region 4B. P4C and M4C are diffracted by the region 4C, and P^ and M4D 
sire diffi-acted by the region 4D. In Figure 8, only a part of the hologram 4 is 
shown as an inftared U^t 4R on the hologram- The hologram 4 is formed in 
a range broader than 4R. 
30 A focus error signal can be obtained by receiving -first order 

diflEcacted light M4A, M4B, M4C, and M4D. which axe diffracted by the 
hologram 4 in tihe photo detecting portion 82. For example, a wavefixmt is 
designed so that M4A and M4D are focused on the side opposite to the 
collimating lens 5 (see Figure 1) with respect to Ihe surface of the photo 
35 detecting portions 82 (this win be referred to as a rear pin); andM4B andM4C 
axe focused on the same side as the collimating lens 5 (see Figure 1) with 
respect to the surface of the photo detecting portion 82 (this will be referred to 
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as a front pin). In otter words, the wavefronts each are designed to have a 
different focus position axe designed in the direction of an optical axis. 

When a gap between the DVD optical disk 71 and the objective lens 
shifts in the direction of the optical axis, that is, due to the defocus, in the 

5 front and the rear sides of the position where the converging spot is focused on 
theinfoimation recording surface, the magnitude of the diffracted Hght on the 
photo detecting portion 82 is dianged. This change is a movement that 
becomes contrary to the difference in the focusing positions. For example, 
M4AandM4Dbecomelarger,aiidM4BandM4CbeoomesmaUet Therefore, 

10 FE signals can be obtained by calculating diffierences of Fl andF2 from the 
following formula (6): 

FE = F1-F2 (6) 

15 wherem Fl andF2 respectively denote a sum of outputs of each strip region in 
which the sum is obtained by connecting the divided regions as shown in 
FignxeS. 

The projection direction of the direction in wMch a ta:ack of the DVD 
optical disk 71 extends (tangential direction) is adjnstedin the y-direction, 
20 and the radiation direction extending from tiie center of the disk to the outer 
peripheral portion (radial directiori) is adjusted in the x-dixection. A 
recordable optical disk such as DVD-RAM and the like has guide grooves, and 
tiie disk is aflfected strong by the diflBf action of the guide grooves as shown jn 
Figure 9. Jn Figure 9. reference numerals 26, 26, and 27 denote a zero-order, 
25 4first^rder, and -first order diffracted Ught due to tiie guide grooves on the 
optical disk recording surface, respectively. Furthermore, reference numeral 
84 denotes a two-divided photodetector that is used for explanation. The 
photodetector 84 ^ows a state seen from tiie direction of the optical axis that 
is a direction perpendicular to the optical disk surface 24 and the objective 

30 lens 6, That is, the upper half of Figure 9 is drawn by an elevation view, and 
the lower half of the Figure 9 is drawn by a plan view. 

When tiie guide groove of die recording surfiace 24 of the optical disk is 
irradiated with aconvergmg spot, the reflectedlifSit is diffracted in the 
direction perpendicular to the direction in which the guide groove extends. 

35 lna£ar-fiddpattern(FPP)28retiramigtoth«objectivelenssurface, dueto 
the interference of the ±first order diffcactedligfat and zero order diffracted 
b^t in tiie guide groove, the variation of li^t intensity occurs in A or B as in 

20 
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the PFP 28. Depending upon the positaonal idationahip of the guide groove 
and the converging spot, aportion Amay becomebright and aportion B may 
become daiik, and, on the contaraiy. the portion Amay become dark and the 
portion B may become bxight. 

5 By detecting such a change in the optical intensdiy by the use of a 2- 

divided photodetector, TE signals can be obtained by the PP method. In the 
embodiment shown by Figure 8, since the hologram 4 (Figure 8 shows only a 
red Ught 4R on the hologram) is positioned in the two-divided photodetector 
84 in Figure 9. when the divided regions of the hologram 4 and the divided 

10 regions of the photo detecting portion where the diffracted lights reach feom 
each avided region are taken into account, the tracking error CTE) signals can 
obtained by the push-pull meHiod by calculating from the following equation 
(7). 



15 



TE-(TA+TB) - (TC + TD) (7) 



wherein signal strength is expressed by the name of the region (the same is 

true in the following). 

Furthermore, when reproducing information from DVD-EOM, it is 

20 necessary to use TE signals by the phase difference method- In such a case, 
however, by comparing the phase of the signal CrA+ TC) with the signal CTB + 
TD>, TB signals can be obtained by the phase diflBwenoe method. Also, it is 
possible to obtain TE signals by the phase diflSwence method by comparing the 
phase of TA and TB with ite phase of TC and TD. 

25 Furflieocmore, among the diffracted lights for detecting the FE signal 

received at tihe photo detecting portion 82, for example, M4A and M4D are 
focused on the opposite side of the collimating lens 6 (Figure 1) with respect to 
the surface of the photo detecting portion 82 (this will be referred to as a rear 
pin); and M4B and M4C are focused on the same side as the collimating lens 5 

30 (Flgiire 1) with respect to the surface of the photo detecting portion 82 (this 
will be referred to as a front pin). In other words, the diffracted Ught 
diffracted from the region 4Aof the hologram 4 and the diffiractedli^t 
diffracted from the region 4D of the hologram 4 have the same property. 
When equalizing the property of the hologram 4 for the li^t diffracted from 

35 the region synunetrical to the yaxis corresponding to the tangential direction 
of the optical disk 7, when FE signals are detected, in the change in the 
amount of hghts in the portions A and B described with reference to Figure 9, 
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offiget each other. For example, when the amoimt of the light in the portion A 
is increased due to the deviation of track, the amount of the light in the 
portion B ia reduced by the increased amount of the light in the portion A 
When the change the amount of the light in the portion A and the change of 

5 the amount of the light in the portion B are added, the sum becomes zero. 
Therefore, even if the TE signals are changed, Uie FE signals are not af6ected 
by the change, and it is possible to prevent the contamination of TE signal into 
FE signals, i.e., the occurrence of the groove traverse signal because of the 
difiEracted hght dififracted from the regions. 

10 NeJrt, the inf oxmatioa (RF) signals can be obtained from the following 

equation (8): 

RF=TA+TB + TC + TD (8) 

15 Furthermore, the EF signals can be obtained from Ihe foUowing equation (9) 
by using all the ±first-order dif6facted lights, and it is possible to improve the 
ratio of signaltaoise (S/N) with respect to the electrical noise. 
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RF = TA+TB + TC + TD + F1 + F2 (9) 



As is apparent from the equations (4) and (5) and Mgure 8. when the distance 
betweenthecenter of the photo detecting portion 82 and the center of the 
photo detecting portion 8S is made to be twice the distance dl2, it is possible 
to match the center of the photo detecting portion with the center of the 
26 diffi»cted K^t, thus enablii^ the light to be received without leakage 
altiiough an error occurs due to the change in the wavelength. 

Furthermore, by forming the region 82 of the five strip-shaped divided 
regions, it is possible to separate the difeactedlight M4D from the diffracted 
light M4A appropriately. Furthermore, it ia possible to separate the 
30 diffracted Hght M4D from the diffracted hght M4A appropriately. 

Accordingly, the conjugated Hghts thereof can be separated, that is, the 
diJSfcujted light P4D can be separated from P4A appropriateHy. Similarly, tiie 
diffracted light P4B can be sg)arated from P4C appropriately. Therefore, in 
the photo detecting portion 81, signals of the four diffracted hghts can be 
35 detected separatdy and thus TE signals can be obtained by the phase 
djfference method more excellenay. 

Figure 10 shows an operation of recording or reproducing information 
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fcojn a CD optical disk by allowing an ixifrared light to be emitted in the same 
confi^uiatiLonasiiiiFiguxeS. When the gap between the CD optical di^ 72 
and the objection lens in the dxrection of the optical axis is shifted, that is, 
when defocusing occurs, the magnitude of the diffiracted U^t on the photo 
5 detecting portion 82 dbianges. The change is a reverse movement with 
respect to the difference of the focus position. Therefore, FE signals can be 
obtained by calculating diflferences of F3 and F4from the foUowing formula 
(10): 

10 FE=F3-F4 (10) 

whejcein P3 and F4 respectively denote a sum of outputs of each strq) region in 
which the sum ia obtained by comxecting the divided regions of the photo 
detectingportion 83 as showninKgure 10. Atthistime, since the hologram 

15 4 is divided into fimr regions by the x-axis and y-axis. the magnitudes of the 
four diffracted lights for detecting signals of F3 and F4 are not the same as 
each other, which does not affect the detection of FE signal. Furthermore, by 
connecting, for example, Fl and F3, F2 and F4 in the photodetector, it is 
possible to reduce the number of I^-V amphfiers for converting a current signal 

20 obtained from the photo detecting portion into a voltage signal, or the number 
of the electric terminals for taking out signals ficom the unit to the outside, 
thus enabling the unit to be miniaturized. 

The thickness of the base material of DVD ia diflBeient from that of C5D. 
Therefore, if FE signals are detected on the same shaped photo detecting 

25 portLons, the offeet may occur in tibie FE signals due t» the spherical aberration. 
Thus, as shown in Figure 10, by modii^g such as shifting the syimnetric liae 
(central line) along the x-axis of the photo detecting portion 83 with respect to 
the symmetric Hne along the x-axis of the photo detecting portion 82, this FE 

oJOEset can be reduced. 

30 Figure 10 shows a state in wHch two longer dividing hnes in the 

middle of the string region of the photo detecting portion 88 are not located at 
the same distance with respect to the symmetrical line of the photo detecting 
portion 82 (a is not equal to b). Furthermore, since the magnitude of the 
diffracted Hght also becomes difEerent due to the efifect of iJxe wavelength 

35 spherical abertation. by changing the widths of the strips between the photo 
detectingporiion 82 and the photo detecting portion 83, itis possible to obtain 
an FE signal having a high sensitivity and a broad dynamic range. 
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When xeprodudng information firom CD, TE signals can be detected 
by the phase diffeeence method aimilaily to the time of information 
reproduction from DVD. However, in CD-B, tixe 3-beain method is secured in 
the standaidizatLon and as shown in Figure 3, the diffraction grating 3 is 

5 provided. Although not shomi in the figure, a part of the red infrared light is 
diffracted by the diffraction grating 3 to form a sub-beam. This sub-beam, 
similar to the main beam, is converged onto the CD optical disk 72, reflected 
thereby and enters a divided regions TF, TG, TH, and TI on the photodetectpr 
8. TE signals by the 3-beam method can be detected by calculating from the 

10 foUovnng equation (11). 

TE = (rF + TEJ) - Cro + Tl) (11) > 

In the photodetector 8, by interconnecting TF and TH by the use of an 
15 aluminum Dviiing, it is possible to reduce the number of the ouH>ttt terminals 
to the outside, thus miniaturizing the unit. The same is true in TG and TL 

Furthermore, TE signals can be detected by the 3-beam method by the 
use of the following equation (12) or (13): 

20 TE=TF - TG (12) 

TE = TH - TI (13) 

In this case, it is possible to reduce the number of the output terminals to the 
outside and to zniniatnEize the unit. 
25 Next, information (BP) signals can be obtained from the following 

equation (14): 

RF = TA+TB+TC + TD (14) 

30 The information (RF) signals can be obtained from the following equation (15) 
by using all the ±first-order diffracted lights, and thereby it is possible to 
improve the ratio of signal/noise (SflSI) with respect to the electrical noise. 

KF = TA+TB-l-TC + TD + F3 + P4 (16) 

35 

Moreover, in the above mentioned, Fl, F2, F3, and r4 are described in a way 
in which they are indefpendent from each oiher. However, for «(ample, by 
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intercoimectmg Fl and F3, and F2 and F4, it is posable to rednce the number 
of the output teiminals to the outside and to miniatuxize the unit. 

(Fifiih Enibodiment) 

In the fijcst embodiment, the outline of the diffraxition grating 3 was 
5 explained The diffraction grating 3 wiU be explained in more detail with 
reference to Figure 11. Figure 11 is a cross-sectional view showing a 
difiEraction grating body including the difBraction grating 3. On a base 
material 142, a diffraction grating 3 for generating three beams is formed. 
Furthermore, on the base material 142, a base material X41 on whidi a 

10 hologram is formed is bonded. 

As mentioned above, if the depthh of the grating (see Figure 4) 

satisfies the equation (1). the diffraction of the redUght does not occur in 
theory. If the refractive index nl of the base materiaH42 forming the 
diffraction grating 8 is about 1.5, when nl-1.5 and the wavelength of redlight 
IB >.1=650 nm axe substituted into the above-mentioned equation (1), 
h= 650 nm / (1.5-1) = 6B0 nm X 2 
is obtained. 

In odier words, the depthh of grating is twice the wavelength XL In 
an assumption based on tixe scalar calculation: with the difficaction grating 

20 having a shallow depth h of grating, tiie transmitting efiBdency of the red 

U^t becomes 100%. However, when the depth h of grating becomes as laxge 
as about h- 1-3 Jim (650 nmX2), the grating depth is not included in a thin 
difiEraction grating according to Hie assumption of the scalar calculationL In 
this case, if the vector calcolation is carried out precisely, the transmitting 

26 efficiency becomes about 80%, thus generating about 20% loss of li^t. 

GOass or plastic widely used as an optical material is advantageous in 
that it is cheap and lias excellent processability, andftirther easily available. 
However, the transmissivities of such materials are at most about 1.7. 
Therefore, as mentioned above, the depth h of grating is required to be large, 

30 thua resulting in the increase of the loss of light amoimt. 

In tiiis embodiment, for a material of the base material 142 forming 
the diflfraction grating 3, instead of ^ss or plastic, a material with high 
refractive index is used. An example of the material witii high refractive 
index includes, for example, a Ta^Qs (tantalum oxide) film. The refractive 

35 iadexo£tiieTa«OBfilm with respect to the redlight is 1.9 ormore andabout 
2.1 or less, althou^ it depends on flie formation conditions. When nl=2 and 
the wavdengtii of redli^t XI = 650 nm are substituted into tixe above- 
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mentLoaed equation (1), 

h= 660 inn / (2-1) = 660 nxn 
iflobtained. Thedepthhafgratins becomes half as compared with the case 

of the refractive index of »1=1.5- 

5 Thus, in the case where the d^th h of the gratmg is about 0.65 

(650 niBL), the calculated transjnissivity of the red hght with respect to the 
grating with aperiodic cyde of 6 \im, itis about 95% or more, and thus theloss 
of Hght amount becomes about 5%. Therefore, in this embodiment, as 
compared with the configuration in which the material with refractive index 

10 of about 1.5 and the loss of Hght amomit is about 20%. the loss of the light 
amount can be reduced to about 1/4. Furthermore, if taiedepliih of Ifce 
grating is as smaU as about 0.65 m, the crosa-sectional shape of the 
difl&action grating can be formed easfly in an ideal rectangular shape. 
CJonse<ittentLy, it is possible to reduce the generation of the phase difference 

16 due to the inclination of the sidewatt as explained with refierenoe to Figure 
16B. 

In the above-mentioned example, the case where the refractive mdex 
nl is 2 was explained. When the refractive index is 1.9 or more, the sin»ilai 
effect can be obtained. That is, when the diJBBraction gratingis formed of a 

20 material with high refractive index of 1.9 or more and has a depth h of grating, 
whidh was calculatedfcom the above-mentioned equation (1), itispossible to 
obtain the diffraction grating for generating thiee beams, in which the 
infrared light is difEracted. the red li^t is not difficacted and the refractive 
index of the red li^t is h^h. 

25 In the above, as the material with higb refractive index, tbe case of 

using l^aOe was explained. However, it is to be noted that the material is 
not limited to Tfe A and other materials also can be used. For example. TiO^ 
(refractive index: about 2.3), ZrO, (refractive index: about 1.95), NbaOa 
(refractive index: about 2.3), ZnS (refractive index: about 2,3), liNbOg 

30 (refractive index: about 2.0), liTaO« (refractive index: about 1.9 to 2.0). and 
the like may be used. 

In the diffraction grating body shown in Figure 11, the base material 
142 on which the diffraction grating 3 is formed and the base material 141 on 
which the hologram 4 is formed are pr^ared separately and both are bonded 

35 to each other. With this cndfiguxation, the base material 142 can be formed 
of a thiri film of a material with hi^ refractive index andf or the base material 
142 as a parent material, a cheap ^ass or resin can be used. Therefore, it is 
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not easy toform alarge vdume of uniform materials and is possible to 
minimiae Ae amount of use of an esqpensivo material mth refractive 
index. Furthermore, in Ite diffiraction grating in this case, since the rate of 
the base material 141 with a low refractive index is increased, it is possible to 
5 obtain another efiEect in that the height of the diffractive grating body can be 
lowered. 

In the case where a thin fihn of the material with high refractive index 
is formed by vapor deposition, the temperature of the base material 141 to be 
vapor^depoaited also becomes hi^. Therefore, for the base material Ul.itis 

10 preferable to use glass whose thermal resistance is hi^er than that of r^n. 

Furthermore, instead of the configuration as shown in Figure 11 in 
which the base material 141 and the base material 142 are formed SQ)arately, 
the base material 141, which is a parent material, itsdf may be made to be a 
material with hi^ refractive mdex and the diffifaction grating 3 may be 

15 formed on the base material Ulitself without using the separate bcmded body. 
In the configuration in which the diffraction grating body is formed of only a 
single body, it is disadvantageous from the viewpoint of cost, but 
manufecturing becomes easy because the members are not bonded to each 
other. Also with this configuration, it is possible to obtain a 3-beam 

20 generating diffraction grating 3 with high refractive index with respect to the 
red hght in which the infrared hght is difl&racted and the red U^t is not 
diffracted. 

Furthermore, by providing a semiconductor laser apparatus (unit) 
with the 8-beam generating diflBcaction grating, the laser U^t sources each 

25 having different wavelength OnfraredJi^t and redlight) andphotodetector,it 
is possible to realize a semiconductor laser apparatus which is capable of 
reprodudng information from CD-R stably and in which the effidenoy of using 
Ji^t at the time of reproducing information from DVD is enhanced. 
Furthermore, also with an optical pick-up apparatus or optical information 

30 apparatus using this unit and the objective lens, it is possible to reproduce 
information from the CD-R stably. Furthermore, at the time of reproduction 
from DVD, the efi&cieaqr in using Hght can be enhanced. That is, it is 
possible to realise an apparatus in which the S/N i^tio is high, reproduction 
can be carried out stably and the power consumption is low. 

85 Moreover, in the hologram 4, diffiraction occurs also in an outward 

path from the light sources (la, lb) to the optical disk 7. When the diffracted 
li^t on the outwardpath is reflected by the optical disk 7 and enters the 
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photodetectors (81, 82, 83), the light becomes umiecessary stray light, which 
may lead to an offset of servo error sigi^al or noise of the information 

Topzoducing signals. 

Then, in order to shield such a stray light, it is desirable to provide an 
5 .aperture (aperture atop) 17 in the same plane as the hologram 4. The 

aperture 17 can be provided by forming a difl&raction grating or aUowing the 
metal film to be vapor deposited witih respect to the base matetialUl. In the 

case where the aperture 17 is formed by the use of the metal film, Ni or Cr 
may be used as a material However, the light reflected by Hie metal film 
10 maybecomeafactorofdirect-currentsttaylight From tins viewpoint, Cr 
having a hi^ absoxptanoe mih respect to the visible Kght is desirable. 

In other words, it is further possible to obtain the effect in that the 
stray li«ht due to the reaection occurringcanbe reduced as a result of forming 

the aperture 17 by Cr film. 

16 Furthermore, also io the case where a difi&ractian grating body having 

a convexity and concavity is produced generally, by forming a material having 
a refractive index of 1.9 or more on a parent material having a refractive index 
of less than 1.8, such as glass etc., to thus provide the high refractive index 
material with convexity and concavity, it is possible to obtain the effect in that 

20 efficiency of using light can be enhanced cheaply. 
(Sixth Embodiment) 

Anther embodiment of the diffraction grating 3 will be explained with 
reference to Figure 12. Figure 12 is a cross-sectional view showing a 
diffraction grating body including the diflbraction grating 3. On a base 

25 material 142 using a material with having a high refractive index, a 3-beam 
generating difficaction grating 3 is formed. Furthermore, on the base 
material 142, a base material 141 on which a hologram is formed is bonded. 
This embodiment is different from the above-mentioned embodiment in that 
anti-reflection 142 and 143 are formed an both surfaces of the base 

30 material 142. 

In the present invention, since the transmissivity of redli^t on the 
3-beam grating is aimed to be enhanced, it is unportant to improve the 
transmissivity by anti-reflection coating. In the configuration in which the 
anti-reflection fihn is not formed on the interface between the base material 

35 142 with high refractive index and the air, the refractive index nl of the base 
material 142 is nl«2, about 11% of reflection loss is generated. Thus, the 
anti-reflection film 144 has a great effect. 
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The anti-reflection film 144 can be formed of SiO^ thin film. 
Furthemore, Oie anti-reflection film (matching coat) 143 in the interface 
between the base material 142 with high refractive index and the base 
material 141 can be formed of a thin film of AljOg or SiN. 
5 In this embodiment, the foUowing manufecturing process is carried 

out. The anti-reflection film 143 of Al^Oa or SiN is formed on the base 
■ material 141 such as ^ass etc Furthermore, the basa material 142 is 
prepared by using the material mentionedin the fourth embodiment. Then, 
the diffraction grating 3 as formed by etching or other techniques. 
10 Furthennore, the anti-reflection film 144 of SiOj or the like is formed. 

In order to secure the depth h of the di£&raction griating (see Figure 
it Is necessary to make the thickness of the base material 142 with high 
xefractiyeindextobehormore. However; when the thickness of the base 
material 142 with hi^ refiactive index is equal to h, it is possible to form a 
16 diffraction grating by a lift-off technique. 

Although not shown in Figure 12, in order to enhance the ef&ciency of 
using hght, it is desirable that the anti-reflection fihn of MgF^ etc. is formed 
also on the surface of the hologram 4. 

Similar to the fifth embodiment, this embodiment also can be applied 
20 to a semiconductor laser apparatus (unit) having ihe diffraction grating 
mentioned in this embodiment, an optical piek-up apparatus and an optical 
information a?>paratus. Thus, the same effect as in the embodiment 6 can be 
obtained. 

(Seventh Embodiment) 

25 Figure 13 is a schematic view showing a configuration of an optical 

information apparatus according to one embodiment of the present invention. 
An optical pick-up 20 shown in Figure 13 uses any one of the optical pick-up© 
according to the above-mentioned embodiments and uses the diffraction 
grating ejsplained in the fifth embodiment or sixth embodiment. 

30 The optical disk 7 is rotated by the optical disk driving mechanism 32. 

The optical pick-up 20 is moved finely (seek operation) to the position of the 
track in vfiucb. the predetermined information of the optical disk 7 exists, by 
an optical pick-up driving device 31. 

The optical pick-up 20 feeds a focus error signal and a tracking error 

35 signal to an electric circuit 83 in accordance with tiie positional relationship 
^th respect to the optical disk 7. The electric circuit 33 responds to the 
signsOs andfeeds signals for fluttering the objective lens to the optical pick-up 
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20. By this signal, the optical pick-up 20 carries out focus servo and tradring 
servo on the optical disk 7, and reads out. writes or erases information with 
respect to the optical disk 7. 

According to the optical disk apparatus of this embodiment, as the 

5 optical pick-up, a small size optical pick-up capable of obtaining an excellent 
S/N ratio at low cost is used, and it is possible to reproduce information 
accurately and stably. Furthermore, an eflEect of having a small size andlow 
cost can be provided. 

Furthermore, since the optical pick-up of the present invention uses 

10 the diffraction grating body according to the present invention, the efi&ciency 
of usiJD^ ttie light is enhanced, the access time becomes shorter and power 
consumption is reduced. 

As mentioned above, according to the present invention, the base 
material for forming the diffraction grating is formed of a high refiractive 

IS index material, thereby enabling the depth of grating of the diffraction grating 
to be shallow. Consequently, it is possible to prevent the loss of the amount of 
light that is not diffracted. In the configuration in which base materials 
having different refractive indexes are bonded to each other, it is possible to 
minunize the amount of use of relatively expensive material with a high 

20 refractive index. Furthermore, in the configuration in which the diffraction 
grating is formed of a single base material, manufacturing becomes easy 
although it is disadvantageous from the viewpoint of cost. 

Tb.B embodiments mentioned above are to be intended to clarify the 
art of the invention and are not limited to the above-mentioned embodiments 

26 alone. The present invention should be considered broadly and iaJl changes 
which come within the spirit of the invention and within the meaning and 
range of equivalency of the claims are intended to be embraced therein. 
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